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A LATE CENOZOIC VERTEBRATE FAUNA FROM THE 
COSO MOUNTAINS, INYO COUNTY, CALIFORNIA 
INTRODUCTION 
Isolated areas of sedimentary deposits flanking the eastern border of 
Owens Valley have attracted the attention of geologists since the 
period of the early surveys of this region. Discussion of the later 
geologic history of this part of the Great Basin, however, has been 
handicapped by lack of information concerning the age of the strata 
as determined by fossil evidence. 
Walcott 1 listed fresh-water shells from beds exposed in Waucoba 
Canyon on the western flanks of the Inyo Range, and concluded that 
the sediments were lacustrine in origin and probably of Quaternary 
age. The present elevation of the beds above the valley was at-
tributed to uplift subsequent to their accumulation. 
Spurr 2 at a later time reviewed the literature then available and 
concluded that since similar deposits are found near the southern 
margin of Owens Valley, this basin formerly contained a lake ap-
proximately three thousand feet deep. In Spurr's opinio~ faulting 
had little to do with the present position of these beds. No additional 
fossil evidence was cited at the time. 
More recently Knopf and Kirk 3 demonstrated that the upper part of 
Walcott's "Waucobi" beds actually consists of alluvial materials which 
overlie unconformably the lake sediments, and that the faulting, to 
which the larger part of the present relief of the Inyo and Coso 
Ranges is due, must have occurred subsequent to deposition of the 
tuff s and alluvial deposits exposed on the western flanks of the Coso 
Mountains. Some poorly preserved ostracods were found in the tuff 
beds, but these furnished little evidence of value in making an age 
determination. While publication of this paper definitely establishes 
the occurrence of continental and lacustrine deposits of late Cenozoic 
age in a considerable portion of the area, recognition of the sequence 
of the later geologic events was based mainly on physiographic rather 
than on palreontological evidence. 
More than six years ago fossil vertebrates were discovered in alluvial 
materials on the western flanks of the Coso Mountains. Since then 
the California Institute of Technology has conducted two collecting 
trips into the area: one during the winter of 1930-1931, the other dur-
1 C. D. Walcott, Jour. Geol., vol. 5, 340-348, 1897. 
• J. E. Spurr, U. S. Geol. Surv. Bull. 208, 206-212, 1905. 
• .Adolph Knopf and Edwin Kirk, U. S. Geol. Surv. Prof. Paper 110, 1918. 
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ing the sum.mer of 1936. The collection now at hand consists of rela-
tively few and fragmentary remains, but nevertheless fixes the age of 
these sediments within rather narrow limits on purely palreontological 
grounds. Some of the mammalian forms have already been described, 
but the present report aims to review the entire fauna and to include 
a brief account of the geologic relations of the fossiliferous beds. 
Dr. Chester Stock placed the collection at the writer's disposal and 
furnished many helpful suggestions. I am further obligated to Dr. 
Stock for a critical reading of the manuscript. It is a pleasure to 
acknowledge the criticism of Dr. C. L. Gazin, whose knowledge of 
later Cenozoic vertebrate faunas has been helpful in clearing up 
doubtful points which appeared in the original text. The splendid co-
operation in the field by R. M. Leard, G. A. Rynearson, and Jack 
Dougherty is gratefully acknowledged. In the course of the research 
many helpful suggestions have been made by R. W. Wilson, and 
E. L. Furlong has given advice and criticism. The illustrations are 
the work of John L. Ridgway. 
GEOLOGICAL SETTING 
Since the Coso Mountains occupy the northwestern corner of a 
geologically almost unexplored area extending from the Sierra Nevada 
on the west to Death Valley on the east, and from the Inyo Moun-
tains on the north to the ranges bordering the Mojave Desert, some 
description of the geology seems desirable for a proper understanding 
of the significance of the fauna. 
The central parts of the range consist of a very coarse-grained 
granitic rock. Lying upon its deeply weathered and eroded surface 
are a number of alluvial fans. These are best developed on the west-
ern flanks of the range and are well shown in Plate 1. Similar fans 
occur along the northern and northeastern borders of the mountains, 
but are either deeply dissected or covered by later deposits. South of 
the fossil quarries (see Plate 2) extensive beds of well-stratified tuff 
and volcanic breccia lie upon the granite. Both the alluvial and the 
tuff aceous materials dip away from the crest 0£ the range at an angle 
varying from 6° to 10°. In places, however, the direction of dip is 
reversed, probably as a result of later folding and faulting. Near 
Haiwee reservoir Knopf and Kirk 1 describe the structure of the tuffs 
as anticlinal. In this region these authors have found fossil ostracods, 
which in the opinion of E. 0. Ulrich are of Tertiary or later age, and 
indicate a marine connection with Owens Valley. Geologists prior to 
this find had considered these beds as lacustrine in origin. As Knopf 
and Kirk point out, a marine embayment in Owens Valley is so in-
1 Ibid., 51, 1918. 
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consistent with the better-known facts of the later geologic history of 
this part of California that it seems best to hold in abeyance the 
evidence of the ostracods until it is confirmed by additional data. 
Lying above the tuffs is a basaltic lava from 50 to 100 feet thick. 
Wherever the contact is exposed, the lava is seen to be conformable 
with the underlying beds. In the Coso Mountains the lavas have been 
faulted at many points, while in the Inyo Range an extension of the 
flows has been displaced as much as 1400 feet by a series of step 
faults. 1 Following the faulting, deep canyons were eroded into the 
basalt and underlying beds, and Knopf and Kirk consider the physio-
graphic features as evidence of an early Quaternary to late Pliocene 
age for the underlying sediments. Lavas of a later age occur in the 
region of Little Lake, approximately 25 miles south of the fossil local-
ity, and it is probable that similar flows are to be found in the Coso 
Range, but the time available for the present study did not permit a 
sufficiently extended examination to establish this conclusion. 
The relation of the alluvial material to the ostracod-bearing beds 
near Haiwee reservoir is of great importance, and it is unfortunate 
that it is not possible to determine definitely whether the coarse 
gravels in which the vertebrate fossils are found underlie the ostracod-
bearing beds or, as Knopf and Kirk suggest, form a littoral phase of 
beds deposited farther out and in deeper water. However, the tuff bed 
overlying the vertebrate-bearing sediments is probably of the same 
age as that found near Haiwee reservoir where the ostracods were ob-
tained. It thus appears that the subaqueous sediments are somewhat 
younger than the terrestrial deposits. Since fish remains are found 
only a few feet below the tuff in the region where the vertebrates were 
collected at locality 284, it seems reasonable to suppose that even at 
the time of accumulation of the terrestrial deposits the ancestral lake 
was in existence and not far away. The ostracod- and fish-bearing 
beds consequently may have accumulated during a later rise in water-
level. It is tempting to regard this water body as an early stage in the 
history of Owens Lake, but definite proof that this was the case is 
difficult if not impossible to obtain. 
Since the sedimentary deposits appear to form a unit and are 
sharply differentiated from all other rock types in the region, it seems 
appropriate to separate them as a distinct formation. The occurrence 
has already been mentioned in the literature as the Coso Mountains 
beds, and the name Coso formation is therefore applied to these de-
posits. Although the lavas are conformable with the Coso beds, it 
does not appear advisable to include them in the formation, for they 
are lithologically distinct and doubtless can be used as a separate 
mappable unit. 
'Ibid., 52, 1918. 
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In summary, the later geologic history of the Coso Mountains seems 
to fall into the following sequence: ( 1) faulting, or possibly warping, 
which elevated the granitic core and made possible the accumulation 
of alluvial fan material to a depth of at least 300 feet; (2) explosive 
volcanic activity giving rise to a considerable thickness of tuffaceous 
material, much of which appedrs to have been deposited in standing 
water; (3) extensive outflows of basaltic lava which covered the sedi-
mentary materials and probably most of the granitic core as well; 
( 4)' faulting, probably entirely normal in displacement, followed by 
extensive erosion; and ( 5) in the area around Little Lake, and prob-
ably in the Coso Mountains as well, a second outpouring of basalt. 
This history may seem excessively long and eventful to have taken 
place within Quaternary time. However, when compared with that of 
other areas, northern, India particularly, where according to Colbert 1 
approximately 6000 feet of continental sediments were deposited 
since the beginning of the Pleistocene, it does not appear necessary to 
exclude any of these events from the Quaternary. 
OCCURRENCE OF FAUNA 
As mentioned on a preceding page, the vertebrate remains are found 
only in coarse alluvial fan deposits, which apparently underlie both 
the water-laid tuffs and the basaltic lavas. Although fossils were ob-
tained from several rather widely separated areas (see Plate 2), the 
occurrence of what appears to be a continuous layer of tuff strati-
graphically above the fossiliferous beds seems to justify the conclu-
sion that the faunas are a unified assemblage from a single stage in 
geologic time. 
Since the alluvial materials are of essentially the same character 
wherever found, a description of the principal fossil-bearing deposits 
will serve for all. As shown in Plate 2, these are located on the 
western flanks of the range almost due east and approximately 9.5 
miles from the village of Olancha. Here the detrital materials consist 
of interstratified clay, coarse granitic debris, and rhyolitic tu:ff. The 
latter is confined to the upper portion of the section, where it forms a 
bed from 10 to 40 feet thick. A roughly estimated columnar section 
indicates the following sequence (reading from top to bottom): 
(1) the tuff bed mentioned above; (2) 100 feet or more of buff-colored 
arkose and clay with fossil localities 131 and 284 located near the base; 
(3) 30 to 40 feet of red shaly and arkosic material; ( 4) 50 feet of buff-
colored clay and arkose; and ( 5) 40 feet or more of red beds and an 
unknown thickness of alluvial material below. It should be noted 
that the vertebrate remains were all obtained from a relatively narrow 
zone approximately 100 feet below the top of the tuff bed. 
1 E. H. Colbert, Trans . .Amer. Philos. Soc., n.s., vol. 26, 9, 1935. 
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The total thickness of these deposits is difficult to determine since 
the base is exposed only at the upper end of the fan. If it is assumed 
that the more or less evenly graded side slopes of the canyon represent 
the original upper surface of the fan, 300 feet appears to be a mini-
mum estimate. Such a determination means little, however, when it 
is recognized that the lower depositional surface is quite irregular, as 
demonstrated by the presence of granitic outliers entirely surrounded 
by fan material. A certain amount of overlap still further complicates 
the problem. The overlap is on no larger a scale than is to be expected 
in such deposits, however, and it seems probable that no significant 
time breaks exist in the section. 
The vertebrate fossils appear to be confined to the coarse, arkosic 
beds in the upper half of the section. A total of nine quarries were 
opened, and practically all the material came from these excavations. 
Very little scattered material, occurring in outcrops, was sufficiently 
complete to be worth collecting. The quarried specimens are usually 
fragmentary and completely replaced by mineral matter. However, 
fairly well-preserved skulls and skeletal elements have been found. 
No articulated remains were recovered, suggesting that the skeletons 
were dismembered and washed down the slope prior to burial. 
ENVIRONMENT OF FAUNA 
There seems to be little doubt that the assemblage from the Coso 
beds was essentially one of the plains. This is indicated not only by 
the constituency of the fauna, but also by the relative abundance of 
certain types. For example, more than 40 per cent of the assemblage 
consists of horses of the genus Plesippus. 
It seems reasonable to infer that the climate was somewhat more 
humid than that represented by the desert conditions now prevailing 
in the region. In view of the occurrence of water-laid tuffs either at 
the same stratigraphic level as the vertebrate horizon or slightly 
above, it may not be unduly speculative to infer that bodies of stand-
ing water were present and at no great distance from the fossil local-
ities. The presence of M imomys likewise suggests this conclusion, 
for at both the Hagerman, Idaho,1 and Bakersfield, California,2 local-
ities where this vole has also been found, the geologic evidence points 
toward the presence of water bodies. 
CORRELATION 
The faunas more or less comparable to the Coso assemblage are 
listed below (pp. 84-86). For their 'locations see figure 1. There 
seems to be scant reason for considering any of these as very greatly 
1 C. L. Gazin, Proc. U. S. Nat. Mus., vol. 83, 285, 1936. 
• C. J. Hesse, Jour. Mammalogy, vol. 15, 246, 1934. 
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different in age. Grand View, however, may represent a somewhat 
later stage; while.a part of the San Pedro Valley beds (Benson local-
ity), as well as the upper Etchegoin and part of the Blanco formation, 
may be somewhat older than the remaining faunas that have been 
listed. 
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FIG. I-Locations of the better-known upper Pliocene and lower Pleistocene verte-
brate fossil localities in western United States. 
While the evidence for these conclusions is incomplete, and es-
pecially so in the case of Grand View, the presence of such forms as 
Anancus and N annippus may indicate. that the Benson fauna is some-
what earlier than that from the Coso Mountains, which contains an 
advanced Pliomastodon? and a progressive species of Plesippus. The 
presence of Osteoborus? in the Blanco perhaps indicates an older 
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faunal stage near the base of that formation, or a late survival of this 
genus in the Texas region. Stirton and Vander Hoof 1 have suggested 
that this specimen along with Plesippus cumminsii comes from a zone 
below the Blanco. If this is true, the remainder of the fauna does not 
appear to be very much earlier in time than that of the Coso Moun-
tains, for geographic separation may account for the remaining differ-
ences. Stirton 2 divides the upper Etchegoin into an upper or Button-
willow assemblage and a San Joaquin fauna below. Since the latter is 
below the zone of Mimomys primus, it appears probable that the But-
tonwillow fauna is more closely related in time to the Coso Mountains 
assemblage than is the San Joaquin fauna, which contains Plesippus 
proversus and Pliomastodon vexillarius-both more primitive types 
than the comparable Plesippus francescana and Pliomastodon? cosoen-
sis from the Coso Range. It is not improbable that the Coso Moun-
tains fauna is more closely related to the overlying Tulare than to any 
part of the upper Etchegoin. Proof of this supposition must await 
further discoveries of mammals in the Tulare. 
Both Gazin 3 and Wilson 4 are of the opinion that the Grand View 
assemblage is slightly later in time than the Hagerman fauna. The 
age difference is not great, and seems to be based partly upon the ap-
parently advanced characters of Plesippus (or Equus) idahoensis from 
Grand View in contrast to characters exhibited by Plesippus sho-
shonensis from Hagerman. If it is ultimately verified that the Hager-
man assemblage is earlier in time than that of Grand View, there ap-
pears good reason for considering the age of the Coso assemblage as 
intermediate between these two Idaho occurrences, for while the horses 
from the California locality are, on the whole, more closely related 
to Plesippus idahoensis from Grand View, the remainder of the fauna 
is more like that from Hagerman. 
Specimens of a fossil horse found in beds exposed in Waucoba 
Canyon, Inyo Mountains, are discussed in the present paper, since it 
seems probable that these beds ar~ of essentially the same age as the 
Coso formation. The material represents parts of the axial and ap-
pendicular skeleton, but unfortunately does not include skull remains. 
A single metatarsal is shorter and somewhat more robust than is the 
average specimen of the corresponding element in Plesippus frances-
cana from the Coso Mountains, but the metapodial appears to fall 
within the limits of variation of this element in Plesippus francescana. 
Furthermore, the splints show comparable reduction but are longer 
than in any species of Equus known to the writer. It is possible that 
1 R. A. Stirton and V. L. Vander Hoof, Univ. Calif. Pub., Bull. Dept. Geol. Sci., vol. 23, 
176, 1933. 
• R. A. Stirton, Amer. Jour. Sci., ser. 5, vol. 32, 180, 1936. 
• C. L. Gazin, op. cit., 286, 1936. 
'R. W. Wilson, Carnegie Inst. Wash. Pub. No. 440, pt. 8, 121, 1934. 
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this metatarsal should be referred to Pliohippus, but Dr. Stock recalls 
that fragments of an upper tooth (now lost) found in association 
with the limb material possessed an Equus-Iike protocone. The 
shortness of the metapodial recalls the genus Hippidium, but it does 
not appear probable that this South American form occurs at the 
Waucoba locality. Consequently, the material is tentatively referred 
to Plesippus or Equus. 
Correlation of the Coso fauna with European assemblages rests 
mainly upon the vole, Mimomys, and to a lesser extent upon the 
horses of the genus Plesippus, which appear to be closely related to 
Equus? or Plesippus? stenonis of the Old World. As will be indicated 
on a later page, there is little doubt that in this instance an inter-
continental correlation of reasonable accuracy is possible. The Euro-
pean equivalents are the Norwich Crag of England and at least the 
upper part of the Val d'Arno beds of Italy. 
FAUNAS OF THE LATE PLIOCENE AND EARLY PLEISTOCENE 
Coso Mountains 
Borophagus solus (Stock) 
Mimomys primus (Wilson) 
Hypolagus near limnetus Gazin 
Hypolagus small sp. 
Platygonus sp. 
Tanupolama? sp. 
Plesippus francescana (Frick) 
Pliomastodon? cosoensis n. sp. 
Fish remains 
San Timoteo 
Pliauchenia? sp. 
Camel.id small sp. 
Cervid? medium n. sp. 
Plesippus francescana (Frick) 
Megalonyx? sp. 
Hagerman 
Borophagus sp. 
Canid sp. 
Lutravus? idahoensis Gazin 
Lutravus? cookii Gazin 
Lutra (Satherium) piscinaria Leidy 
Felis lacustris Gazin 
Machairodus? hesperus Gazin 
Citellid sp. 
Marmot sp. 
Thomomys gidleyi Wilson 
Castor accessor? Hay 
Ondatra idahoensis minor Wilson 
Mimomys primus (Wilson) 
Tehama 
Borophagus pachyodon (Merriam) 
Canis near ochropus Eschscholtz 
Prosthennops? or Platygonus? sp. 
Camelops? or Pliauchenia? sp. 
Antilocapra? sp. 
Odocoileus? or Cervus? sp. 
Plesippus proversus (Merriam) 
Stegomastodon cf. arizonre Gidley 
Megalonychid gen. and sp. 
Tulare 
Borophagus pachyodon (Merriam) 
Ischyrosmilus ischyrus Merriam 
Elk Hills Tulare 
Pro camel us? sp. 
Neotoma sp. 
Sigrnodon sp. 
Lepus sp. 
Grand View 
Mimomys? parvus Wilson 
Synaptomys vetus Wilson 
Ondatra idahoensis idahoensis Wil-
son 
Castor ·cf. accessor Hay 
Erethizon bathygnathum Wilson 
Lutra ingens Gazin 
Hypolagus furlongi Gazin 
Plesippus idahoensis (Merriam) 
Waucoba Canyon 
Plesippus? or Equus? sp. 
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Hypolagus near vetus (L. Kellogg) 
Hypolagus limnetus Gazin 
Alilepus? vagus Gazin 
Platygonus n. sp. 
Camelops? sp. 
Procamelus? or Tanupolama? 
Cervid sp. 
Ceratomeryx prenticei Gazin 
Plesippus shoshonensis Gidley 
Mastodont sp. 
Megalonyx leptonyx? (Marsh) 
Blarina gidleyi Gazin 
Pisces, Amphibia, Reptilia, and Aves 
Blanco 
Borophagus diversidens Cope 
Amphicyon? sp. (probably Boro-
phagus) 
Canimartes cumminsii Cope 
Osteoborus? hillanus (Cope) 
.JEnocyon cf. dirus (Leidy) 
Platygonus bicalcaratus Cope 
Platygonus texanus Gidley 
Pliauchenia spatula Cope 
Plesippus simplicidens (Cope) 
Plesippus cumminsii (Cope) 
N annippus phlegon (Hay) 
Neohipparion sp. (probably Nan-
nippus) 
Serridentinus pnecursor (Cope) 
Rhynchotherium falconeri Osborn 
Cordillerion tropicus (Cope) 
Stegomastodon successor (Cope) 
Megalonyx leptostomus Cope 
Mylodon sp. (probably Megalonyx) 
Glyptotherium texanum Osborn 
San Pedro Valley 
Benson 
Canid sp. 
Mustelid sp. 
Platygonus cf. vetus 
Merycodus sp. (extremely doubtful) 
Pliauchenia sp. indet. 
Procamelus sp. indet. 
N annippus phlegon 
Plesippua sp. 
Anancus bensonensis Gidley 
Citellus bensoni Gidley 
Geomys minor Gidley 
Curtis 
Canid sp. 
Mustelid sp. 
Felid? n. sp. 
Merycodus sp. (extremely doubtful) 
PHauchenia sp. indet. 
Procamelus sp. indet. 
Plesippus sp. (doubtful) 
Equus sp. 
Stegomastodon arizome Gidley 
Laman. sp. 
Odocoiletis n. sp. 
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Cratogeomys bensoni Gidley 
Dipodomys minor Gidley 
Cupidinimus magnus (Kellogg) 
Peromyscus brachygnathus Gidley 
Peromyscus minimus Gidley 
Peromyscus sp. · 
Eligmodontia arizonre Gidley 
Onychomys bensoni Gidley 
Sigmodon medius Gidley 
Neotoma fossilis Gidley 
Lepus sp. (very doubtful) 
Sylvilagus or Brachylagus sp. 
(probably Hypolagus) 
Glyptotherium arizonre Gidley 
Citellus cochesei Gidley 
Perognathus sp. 
Dipodomys minor Gidley 
Dipodomys gidleyi Wood 
Geomys persimilis Hay 
Onychomys pedroensis Gidley 
Sigmodon curtisi Gidley 
Sigmodon minor Gidley 
Neofiber sp. 
Lepus sp. 
DISCUSSION OF THE PLIOCENE-PLEISTOCENE BOUNDARY 
Matthew 1 pointed out that any attempt to correlate late Tertiary 
and early Quaternary deposits of North America with those of the 
European succession necessitates either a depression of the North 
American Cenozoic column, or an elevation of the European section. 
Such revision seems to be necessary by reason of the presence of Equus 
in the Pleistocene of North America and in the late Pliocene of the 
Old World. The writer 2 attempted to remove this reason for shifting 
the boundary by referring the more primitive horses of the European 
species Equus stenonis to Plesippus, a genus which he considered to 
be characteristic of the late Pliocene of both the New and Old Worlds. 
In any event, the North American and European faunas of this stage 
are so similar as to leave little doubt concerning their approximate 
contemporaneity and the necessity of assigning them to the same 
period of geologic time. 
It seems generally agreed that the late Pliocene of Europe, as rep-
resented by the Val d'Arno fauna of Italy, by various occurrences in 
the Puy de Dome district of France, and by the Norwich Crag of 
England, marks the first appearance of the following genera: Elephas, 
Bos, Equus (possibly in part equivalent to Plesippus), and Mimomys. 
Typical middle Pliocene genera which either become extinct or do not 
survive in the region are: Hipparion, Viverra, Ailurus, and Semnopith-
ecus. The faunal turnover, although no more marked than that 
occurring between the lower and middle Pliocene, is nevertheless re-
markable in that all of the new genera continue into the Pleistocene, 
and, with the possible exception of Mimomys, all are immigrants. 
Another important feature is the progressive lowering of tempera-
ture occurring at this time. This is indicated by the southward retreat 
of the macaques, and while it must be admitted that extinction of 
1 W. D. Matthew, Bull. Geol. Soc. Amer., vol. 35, 743-754, 1924. 
• Carnegie Inst. Wash. Pub. No. 473, pt. 1, 12-13, 1936. 
LATE CENOZOIC VERTEBRATE FAUNA FROM CALIFORNIA 87 
tropical forms is in evidence in northern Europe as early as the middle 
Pliocene, it is perhaps noteworthy that the upper Pliocene marks their 
final restriction to the Mediterranean region. Recent work by Bos-
well 1 indicates that by the time the Norwich Crag sediments were 
deposited, icebergs reached the English coast. While, as that author 
holds, this is scant evidence for correlating the Norwich Crag with the 
Giinz glacial stage of the Continent, it is certainly prophetic of the 
Ice Age. Indeed, Reid Moir 2 is of the opinion that the Stone Bed be-
neath the Norwich and Weybourne Crags was subjected to glaciation. 
This refrigeration is not evidenced by the terrestrial fauna alone, but 
by the marine invertebrates as well. The marine formations of Eng-
land and Sicily show a sudden influx of northern species during this 
time, and while in the latter instance opening of the Straits of Gibral-
tar may have disturbed ecologic conditions, no such explanation is 
possible for the English locality. 
It is not surprising that some European workers, notably Haug,3 
on much the same evidence as that outlined above, have referred the 
Val d'Arno and Norwich Crag to the Pleistocene. To date Haug's 
views do not appear to have gained general acceptance in Europe, 
although Hay 4 in North America endorsed this correlation. 
If, as Forsyth Major 5 has indicated, Equus stenonis of the Val 
d'Arno is closely related to Equus sivalensis from the upper Siwalik 
beds of India, there would appear to be good reason for considering 
both of these occurrences as lower Pleistocene in age. The evidence 
has been summarized by Colbert,6 who follows Matthew in holding 
that since these Eurasia tic forms seem to be derived from North 
American ancestors of the genus Equus, and as this genus is unknown 
in the latter continent before the advent of the Pleistocene, it follows 
that these Old World occurrences cannot be older than Pleistocene. It 
is interesting to note that Matthew 7 apparently did not become con-
vinced that the Val d'Arno should be referred to the Pleistocene until 
after he had studied the Siwalik problem in some detail. Even then 
he considered the Sheridan beds of Nebraska and the Val d' Arno as 
approximately equivalent. It seems more probable that the former 
are best correlated with Rancho La Brea and related occurrences, and 
that these are not of the same age as, but are younger than, the Val 
d' Arno and Norwich Crag. The equivalents of these Old World faunas 
apparently are the so-called upper Pliocene occurrences of western 
United States. 
1 P. G. H. Boswell, Proc. Geol. Assoc., vol. 42, 87-111, 1931. 
• J. Reid Moir, Geol. Mag., vol. 69, 83-84, 1932. 
• Emile Haug, Traite de Geologie, 1767, 1922. 
• 0. P. Hay, Jour. Wash. Acad. Sci., vol. 15, 239-241, 1925. 
• C. J. Forsyth Major, Quart. Jour. Geol. Soc. London, vol. 41, 3, 1885. 
• E. H. Colbert, Trans. Amer. Philos. Soc., n.s., vol. 26, 23-24, 1935. 
• W. D. Matthew, Bull. Geol. Soc. Amer., vol. 56, 438-443, 1929. 
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Genus Middle Pliocene Upper Pliocene Pleistocene 
1. Hypohippus .............••. 
2. Calippus ...•.••..•........• 
3. Pliohippus ................ . 
4. Hipparion ..•••••.......... 
5. Aphelops .................. . 
6. Paraphelops ............... . 
7. Teleoceras ................ . 
8. Prosthennops .... , •......... 
9. Alticamelus ............... . 
10. Procamelus .......•......•. 
11. Pliauchenia ............... . 
12. Sphenophalos ............. .. 
13. Ilingoceros ......•....•.•.•. 
14. Merycodus ................ . 
15. Blastomeryx .............. . 
16. N eotragoceras ............. . 
17. Metoreodon .............. .. 
18. Osteoborus ..............•.. 
19. 1Elurodon .....•............ 
20. Tomarctus ................ . 
21. Arreocyon ......•......•.•.. 
22. Amphicyon ........•.•..•••• 
23. Brachypsalis ..•.........•.• 
24. Sthenictus ......•.......... 
25. Agriotherium ....•......•... 
26. Dinocyon ......•.•....•.•••. . ................ . 
27. Hyrenarctos ..........•..•.. 
28. Indarctos .............•.•.. 
29. Plionarctos ............... .. 
30. Machairodus ............•.. 
31. Adelphailurus ..........•... 
32. Pliogale ....•...•.•........ , 
33. Plesiogulo ................ .. 
34. Mylagaulus ............... .. 
35. Eucastor ........•.......... 
-... ----36. Di poi des ...............•.•• 
37. Liodontia ................ .. 
38. Diprionomys .............. . 
39. Cupidinimus .............. . 
40. Pliosaccomys .....•....••... 
41. Kansasimys .......•.....•.. 
42. P!iozapus ...............•.. 
43. Goniodontomys .......•..••. 
44. Cernictis .......•........•.. 
45. Eomellivora .......•.•••..•. 
46. Nannippus ................ . 
------47. Neohipparion ............. .. ------ ........ . 
48. Lutravus ................. .. 
49. Megatylopus ............. .. 
50. Pliomastodon ....•......••.. 
51. Anancus .................. . 
52. Ischyrosmilus .......•...... 
53. Plesippus ......•..•........ 
54. Ceratomeryx ...........••.• 
55. Borophagus ...•..•......•.. 
56. Felis ..................... .. 
------57. Platygonus ....•....•....••• 
58. Camelops ...•..•.•......•.. 
------59. Tanupolama ...••.••..•.••.. 
60. 1Enocyon ......•....••••••.. 
FIG. 2 (continued on following page) 
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Genus Middle Pliocene Upper Pliocene Pleistocene 
151. Lutra .....•............••.. 
62. Lepus...................... , • • • • • • • • 
63. Dipodomys ................ . 
64. Onychomys ................ . 
65. Sigmodon ................. . 
66. Cratogeomys .............. . 
67. Eligmodontia .............. . 
68. Neotoma .................. . 
69. Synaptomys ............... . 
70. Mimomys ................. . 
71. Ondatra .................. . 
72. Erethizon ................. . 
73. Mylohyus. . . . . . . . . . . . . . . . . . - _, - - - -
74. Odocoileus........... .. . . . . -- - - - -
75. Canis ...................... ______ ------
76. Vulpes ..................... ______ - - -- - -
77. Ursus ..................... , _______ -- -..- - -
78. Pseudrelurus............... • ••••.••• • • • • • • • • • • • • • • • • • • 
79. Taxidea ........................ __ - ------
80. Mustela.................... ------•I 
81. :Martes ..................... ______ ------ ------•I 
82. }IIegalonyx ............•.... _____ _ 
83. Stegomastodon ............ . 
84. Hypolagus ..........•••..•. ______ ------ - - - - - -
85. Sylvilagus .................. ______ ------
86. Sciurus .................... ______ ------ ------•I 
87. Castor ..................... ______ ------ ------•1 
88. Perognathus .....••••••••••. ______ ------ ------•I 
89. Thomomys ................ . 
90. Marmota ......•.•..•.•.•... ______ ------ ------•I 
91. Citellus ..........•.•...•... ______ ------ ------•I 
92. Peromyscus .........•..•... 
93. Otospermophilus ..••........ ------• ------- •------1 94. Geomys .....•.••........... _____ _ 
---- Well-established range. 
- -- - Probable range. 
• • Reported, but probably not present in this range. 
FIG. 2-Ranges of some North American late Cenozoic mammalian genera. 
Regardless of whether some of the European horses are to be re-
ferred to Plesippus rather than to Equus, since both these genera 
seem to have originated in the New World, it is of importance to 
determine the geologic epoch during which they appeared in North 
America. We are thus led to a consideration of the sequence on this 
continent. 
Nearly all of the North American faunas of late Pliocene age, with 
the exception of the Peace Creek assemblage of Florida and the Loup 
River of Nebraska, have been plotted in figure 1 and listed on pages 
84-86 of this paper. The two faunas mentioned above have been 
the occasion; of so much misunderstanding that it seems best to ex-
clude them from further consideration at this time. The faunas from 
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the Valley of Mexico present many anomalies, and are difficult to 
interpret. Freudenberg 1 distinguishes an upper Pliocene and a 
Pleistocene assemblage. More detailed field studies seem necessary 
before the validity of this division can be established. It seems best, 
therefore, to omit further reference in the present study to these in-
teresting occurrences. 
In another part of this publication Wilson 2 points out that between 
the middle and upper Pliocene appears a very important break in the 
character of the North American rodent faunas. The chart (fig. 2) 
has been prepared to show how this evidence parallels that of the 
larger mammals. The ranges of the various rodent genera follow 
Wilson's determinations. In preparing the chart the following faunas 
have been considered as middle Pliocene: upper Snake Creek, Rattle-
snake, Thousand Creek, Kern River, and middle Etchegoin. The 
upper Pliocene is represented by the Blanco, Hagerman, Grand View, 
Tehama, upper Etchegoin, Tulare, Coso Mountains, San Pedro Val-
ley, and San Timoteo assemblages. Location of these faunas is shown 
in figure 1. As is to be expected, many genera are doubtfully recorded, 
which gives rise to a serious problem of interpretation. Whenever an 
occurrence is considered as doubtful, but likely to be substantiated by 
the acquisition of more material, broken lines are used; the dotted 
segments indicate occurrences of a very doubtful and probably spuri-
ous nature. 
In the discussion to follow the dotted portions will not be considered 
as a part of the range of a genus for the following reasons: 
Procamelus? is listed from the upper Etchegoin,3 but since the 
determination is based on a fragmentary metapodial and is questioned 
by the original describer, the genus may be regarded as not extending 
its range above the middle Pliocene until further information demon-
strates otherwise. The genus has been reported also from the Pleisto-
cene of Arizona. Reasons for considering the generic reference of the 
material an error will be given on page 103 of this paper. There also 
appear to be good reasons for considering the.material from San Pedro 
Valley, referred to this genus, as not belonging to Procamelus. 
M erycodus is listed from the San Pedro Valley occurrence. 4 A per-
sonal communication from C. L. Gazin states that the material prob-
ably does not represent that genus. Consequently, M erycodus is not 
regarded as ranging into the upper Pliocene. 
Vander Hoof 5 has shown that Cope's Felis hillanus from the Blanco 
is the genus Osteoborus. Since it has been suggested that the speci-
1 Wilhelm Freudenberg, Geo!. und Pal. Abhandl., neue Folge, Bd. 18, 104-105, 1922. 
2 R. W. Wilson, Carnegie Inst. Wash. Pub. No. 487, pt. 2, 58-63, 1937. 
3 J. C. Merriam, Trans. Amer. Philos. Soc., n.s., vol. 22, 39, 1915. 
• J. W. Gidley, U. S. Geo!. Surv. Prof. Paper 131, 120, 1922. 
• V. L. Vander Hoof, Cordilleran Section Geo!. Soc. -~mer., 35th Ann. Meeting, 32-33, 
1936. 
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men, along with Plesippus cumminsii,1 came from a fauna! horizon 
below the Blanco, the evidence for the occurrence of Osteoborus in the 
upper Pliocene seems uncertain. Plesippus is here regarded as inter-
mediate between Pliohippus and Equus, and even if it should be 
proved eventually that Plesippus occurs in the middle Pliocene, no 
significance from the standpoint of correlation can be attached to 
that fact. 
Amphicyon? is listed as occurring in the Blanco.2 Since the refer-
ence is everywhere questioned,3 and no description of the material 
is available, it seems best to regard the occurrence of the genus in the 
upper Pliocene as improbable. 
Dinocyon? is reported from Hay Springs, Nebraska.4 The evidence 
consists of a metacarpal which may actually belong to a large ursid. 
Consequently, there appears to be little basis for extending the range 
of this genus beyond the middle Pliocene . 
.111 achairodus? is reported from the Hagerman locality in Idaho.5 
The material consists of a lower carnassial and a second metatarsal. 
Gazin, remarks that the Idaho material seems very close to Megan-
tereon from the Val d' Arno. While it is possible that the latter genus 
is synonymous with M achairodus, it does not appear advisable to con-
sider the Hagerman material as conclusive evidence for an extension 
of the range of M achairodus above the middle Pliocene. 
Pseudcelurus is recorded from the Pleistocene of Nebraska,6 but 
until the material upon which this reference is based is made known, 
it seems unwise to extend the range of the genus into the middle 
Pliocene, much less into the Pleistocene. 
Cupidinimus is reported from San Pedro Valley.7 The material 
consists of a part of an upper jaw with associated incisors. Since the 
latter are grooved, reference to Cupidinimus is very doubtful. An 
extinct genus of rodent appears to be present at this locality, but an 
undescribed genus cannot be included in a chart of this kind. 
N eohipparion is reported from the Aftonian of Iowa 8 on evidence 
of a few teeth and limb elements. These certainly came from the 
glacial drift, but a little reflection upon the conditions under which 
such deposits are formed leads to the conclusion that the fragmentary 
remains may have been derived from Tertiary deposits. Hipparion is 
1 R. A. Stirton and V. L. Vander Hoof, Univ. Calif. Pub., Bull. Dept. Geol. Sci., vol. 23, 
176, 1933. 
• H. F. Osborn, U. S. Geol. Surv. Bull. 361, 83, 1909. 
J. C. Merriam, Univ. Calif. Pub., Bull. Dept. Geol., vol. 10, 434, 1917. 
• C. L. Gazin, Proc. U. S. Nat. Mus., vol. 83, 288, 1936. 
•w. D. Matthew, Bull. Amer. Mus., vol. 16, 317, 1902. 
• C. L. Gazin, Jour. Mammalogy, vol. 14, 254-256, 1933. 
• A. L. Lugn, Neb. Geol. Surv., Bull. 10, ser. 2, 212-213, 1935. 
7 A. E. Wood, Ann. Carnegie :Mus., vol. 24, 146-148, 1935. 
• 0. P. Hay, Iowa Geo!. Surv., vol. 23, 147-151, 1912. 
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listed from San Pedro Valley,1 but Stirton 2 regards the occurrence as 
questionable. The latter author, however, lists both N eohipparion 
and N annippus from this area. It is unfortunate that the evidence 
for these statements is not found in the literature. According to 
Gazin, the only horses found in the San Pedro Valley beds are N annip-
pus, Plesippus, and Equus. 
Platygonus is reported from the Rattlesnake and middle Etchegoin 
beds. The material cited from the former locality is Marsh's Platy-
gonus rex, which Thorpe 3 regards as either Prosthennops or Mylohyus 
and more probably the former. It appears reasonable to regard the 
Rattlesnake specimen as a species of Prosthennops. The middle 
Etchegoin material consists of an astragalus of doubtful value in 
generic determination, and it is not at all certain that this specimen 
came from the upper rather than from the middle zone.4 Therefore, 
the uncertain identification of the material makes an extension of+ 
range of Platygonus prior to upper Pliocene a very doubtful procedure. 
Prosthennops or Platygonus is listed from the Tehama.5 The 
material is an upper canine tooth. In the light of this inadequate 
evidence, sufficient reason does not appear available for recognition 
of range of Prosthennops above the middle Pliocene. 
Tayassu or Mylohyus is reported from the upper Etchegoin.6 A 
more or less arbitrary disposition of this reference is made in the 
present paper. Mylohyus is regarded as extending into the upper Plio-
cene, while the range of Tayassu is considered as limited to the Pleis-
tocene. This procedure is justified perhaps on the ground that neither 
has yet been reported from the middle Pliocene. 
Odocoileus or Cervus 7 is reported likewise from the upper Etche-
goin, and a similar interpretation is made in this instance: Odocoileus 
is regarded as ranging down into the upper Pliocene, while Cervus 
is considered to be limited to the Pleistocene. It should be noted that 
although the alternative interpretation may prove eventually to be 
the correct one, in either case the statistical deductions, in a following 
paragraph, remain unaffected. 
Although the segments that are dashed in the chart are considered 
as a part of the proved range of a genus, it is probable that future 
discovery will bring about considerable change in this portion of the 
graphic delineation. The solid lines indicate the unquestioned range 
of a genus according to present knowledge, but as taxonomy becomes 
more refined it is not improbable that some changes may, occur also 
1 J. W. Gidley, op. cit., 119, 1922. 
• R. A. Stirton, Univ. Calif. Pub., Bull. Dept. Geol. Sci., vol. 23, 280, 1934. 
3 M. R. Thorpe, Amer. Jour. Sci., ser. 5, vol. 7, 397, 1924. 
•J.C. Merriam, Trans. Amer. Philos. Soc., n.s., vol. 22, 32, 1915. 
•v. L. Vander Hoof, Amer. Jour. Sci., ser. 5, vol. 25, 384, 1933. 
• J. C. Merriam, op. cit., 33, 1915. 
'Ibid. 
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in this part. In both cases, however, it is probable that approximately 
the same number of changes will occur in the columns for the middle 
Pliocene and Pleistocene. Such changes ought not, therefore, to affect 
materially the conclusions indicated below. • 
With the above reservations in mind, an examination of figure 2 
discloses that out of the 94 genera considered, 87 have ranges 
sufficiently well known to be of value in the following discussion, and 
of these 39 apparently become extinct at the end of middle Pliocene 
time. This is essentially negative evidence, and it is not impossible 
that future work will demonstrate the presence of some of these 
genera in beds of later age. It does not appear probable, however, 
that the ranges now thought to end with the middle Pliocene will be 
extended upward to the same degree as will the ranges of upper Plio-
c,ene types into the Pleistocene. This is indicated by the fact that ex-
cluding the 19 long-range genera, 18 out of 28 which occur in the 
upper Pliocene begin there and extend into the Pleistocene, while of 
the remaining 10, 3 appear to be confined to the upper Pliocene. This 
leaves only 7 out of 28 upper Pliocene genera with a range from middle 
to upper Pliocene. In brief, the upper Pliocene fauna shows more 
affinity with the Pleistocene than with the middle Pliocene. The 
magnitude of the break between the middle and upper Pliocene is 
further emphasized when it is seen that among the families of larger 
mammals, the rhinoceroses and oreodonts apparently become extinct 
at the end of the middle Pliocene. This type of evidence can be easily 
overemphasized, however, for some of the larger mammals may have 
died out even before that time. In the case of the rodents, as Wilson 1 
has indicated, the predominant forms of the middle Pliocene and 
earlier stages are sciuromorphs, whereas with the beginning of the 
upper Pliocene the myomorph group becomes important for the first 
time. It is also interesting to note that the upper Pliocene marks the 
first undoubted appearance of hystricomorphs on this continent. The 
only rodent family which apparently becomes extinct at the end of the 
middle Pliocene is the Mylagaulidre. In the light of the statements 
made above, this extinction may assume considerable importance. 
Indeed, the evidence from the mammalian fauna is so striking that on 
this basis alone, there appears to be good reason for extending the 
Pleistocene boundary to the base of the so-called upper Pliocene. 
That the period of time involved in this shift is not long, and therefore 
does not reduce the length of the Pliocene unduly, is indicated per-
haps by the fact that only three genera, Ceratomeryx, Plesippus, and 
Borophagus, seem to be limited to the upper Pliocene, and one of these 
(Plesippus) as here defined is essentially transitional between th~ 
middle Pliocene Pliohippus and Pleistocene Equus. While definition 
• R. W. Wilson, Carnegie Inst. Wash. Pub. No. 473, pt. 2, 18, 1936. 
94 CONTRIBUTIONS TO PAiuEONTOLOGY 
of the Quaternary is in no sense dependent upon a faunal break 
of this kind, from the viewpoint of the vertebrate palreontologist it 
would seem desirable to consider this break in the succession of mam-
malian forms as marking• the Pleistocene-Pliocene boundary. 
Since the Pleistocene is usually thought of as the glacial period, it 
is important to see if the evidence does not suggest an important cli-
matic change during the upper Pliocene. Dorf 1 has shown that the 
upper Pliocene floras of California indicate a more humid climate 
than middle Pliocene assemblages from the same area, and this author 
considers the increasing humidity to be indicative of a general lower-
ing of temperature leading directly into the glacial period. However, 
as Dorf himself indicates, the climate of Santa Clara Valley in middle 
California may have been more humid during the upper Pliocene 
simply because the Coast Range barrier, which now prevents the 
passage of moisture-laden clouds over the area, was not in existence 
at that time. But, as this author points out, such topographic condi-
tions should lead to a raising rather than to a lowering of temperature, 
and since the Santa Clara flora is of a montane aspect, the evidence, 
although not overwhelming, rather tends to point toward a widespread 
lowering of temperature during that time. 
The mammalian faunas offer no conclusive climatic evidence, but 
the sudden appearance of voles, as for example Mimomys, is at least 
suggestive, for these creatures find their most congenial habitat in 
boreal regions. It is perhaps not unduly speculative to assume that 
the peculiar faunal mixtures of San Pedro Valley and the Valley of 
Mexico reflect a migration of northern forms into these areas in re-
sponse to a general lowering of temperature. Interestingly enough, 
Gidley 2 actually suggested migration as an explanation for the differ-
ences between the Benson and Curtis localities, but did not correlate 
this with any significant climatic change. The view takes on some 
plausibility when it is recalled that all of these "mixed" faunas are 
found in southern latitudes: Arizona, the Valley of Mexico, and 
Miiiaca 3 in northern Mexico. When traced northward, faunas of 
approximately the same age, as for example those along the Snake 
River in Idaho, show no evidence of mixing. 
In a recent paper Barbat and Galloway 4 present the view that the 
upper part of the upper Etchegoin, or San Joaquin Clay in the nomen-
clature of these authors, is characterized in certain zones by marine 
invertebrates of a cold-water habitat. Although these authors cor-
relate the San Joaquin Clay with the Norwich Crag and related Euro-
1 Erling Dorf, Carnegie Inst. Wash. Pub. No. 412, pt. 1, 55, 1933. 
•J. W. Gidley, U.S. Geol. Surv. Prof. Paper 140, 84, 1926. 
• Study of the fauna from Mifiaca is now in progress. 
• W. F. Barbat and J. Galloway, Bull . .Amer . .Assoc. Pet. Geol., vol. 18, 491, 498, 193±. 
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pean occurrences, they regard all as of upper Pliocene age. Bailey 1 
and Cross 2 have shown that the Santa Barbara formation of southern 
California may be more properly referred to the Pleistocene than to 
the Pliocene, since evidence of cooler water during its deposition is not 
wanting. However, climatic inferences drawn from fossil inverte-
brate faunas frequently need to be tempered by proper evaluation of 
factors which tend to influence these assemblages, as, for example, 
the bathymetric range of organisms and the configuration of the 
coastline at particular periods of time. 
In summary it may be said that the upper Pliocene of North America, 
on the evidence of the flora as well as on that of the terrestrial faunas, 
seems to be marked by a cooling climate which may have led directly 
into glacial conditions. However, substantial support of this view 
still needs to be furnished by the fossil invertebrate faunas. 
At least some of the so-called upper Pliocene vertebrate assemblages 
of western United States could be referred to the Pleistocene without 
much hesitation were it not for the aspect of the Aftonian fauna of 
Iowa.3 A definite placement of this assemblage in deposits formed 
during the first interglacial epoch would tend to emphasize the faunal 
disparity between it and the western, so-called upper Pliocene faunas 
of the preceding glacial epoch because of the shortness of the inter-
vening period. A study of the fauna from McKittrick, California, 
now in progress, convinces the writer that this assemblage and that 
of Rancho La Brea ( typically Af tonian according to Hay) are actually 
late Pleistocene in age. Most significant of all, recent work by Kay 
and Apfel 4 has demonstrated that it is impossible for glaciologists to 
determine with any degree of accuracy the position of the beds in 
which the "Aftonian" fauna was found. The deposits are either 
Kansan or Nebraskan in age, and not Af tonian. It must be admitted 
that these authors incline toward the view that the "Aftonian" fauna 
is Nebraskan, but no convincing evidence as to why it could not be 
referred to the succeeding Kansan glacial epoch is offered. If, as the 
writer is inclined to believe, the "Aftonian" fauna is actually Kansan 
or perhaps even Yarmouth, it is not improbable that the "upper 
Pliocene" faunas of the western states are at least in part referable 
to the first glacial epoch. As has been indicated, the period of time 
represented by these faunas does not appear to be long, and it is inter-
esting to note that glaciologists consider the Aftonian as one of the 
longest of the interglacial epochs.5 
'T. L. Bailey, Bull. Geol. Soc . .Amer., vol. 46, 494, 1935. 
• R. K. Cross, Cordilleran Section Geol. Soc . .Amer., 35th .Ann. Meeting, 5, 1936. 
• 0. P. Hay, Iowa Geol. Surv., vol. 23, 147-151, 1912. 
• G. F. Kay and E. T . .Apfel, Iowa Geol. Surv., vol. 34, 193-195, 209-211, 1929. 
• G. F. Kay, Bull. Geol. Soc . .Amer., vol. 42, 464, 1931. 
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The Nebraska Geological Survey 1 has as yet discovered no verte-
brate fauna in the earliest glacial drift, and the definitely recorded 
Aftonian and Kansan occurrences in that state are few. Pertinent to 
the present discussion is the fact that geologists of the Nebraska 
survey 2 now consider the Sheridan beds (also Aftonian in Hay's 
classification) as probably middle Pleistocene in age. The conclusion 
seems inescapable that early Pleistocene vertebrate faunas are as yet 
practically unknown in the Great Plains region, and that elevation to 
that position in time of at least some of the upper Pliocene assemblages . 
of the western states fills the gap now in the record. It should be indi-
cated again, however, that the lower parts of the upper Etchegoin and 
Blanco formations, as well as the Benson locality, may be pre-
Nebraskan in age. Reasons for considering even these as Pleistocene 
will be given in a following paragraph. 
In view of Romer's excellent summary of the Pleistocene,8 it is un-
necessary to discuss the Aftonian problem further, other than to point 
out that although Hay's methods appeared sound, they have never 
led, and probably never will lead, to satisfactory results. Even if the 
fauna is proved to come from Aftonian deposits, distant correlations 
with it must remain a difficult task. The reasons are not far to seek, 
and have been pointed out by Simpson 4 and others. The fallacy ap-
pears to lie in a neglect to bring together all possible lines of evidence. 
This appears to be particularly unfortunate when dealing with a 
period as varied in its physical history as is the Pleistocene. In the 
last analysis, the only possible definition of this period must be es-
sentially climatic. For this we have no less an authority than Suess,5 
who said: "But it is scarcely necessary to remark that, while char-
acters of the terrestrial fauna afford a most valuable passive criterion, 
yet it is the physical causes of faunal transformations which will, when 
once they are recognized, form the only true basis for a delimitation 
of chronological periods." 
In the writer's opinion the most widespread physical event separat-
ing the Pliocene and Pleistocene is change in climate. Consequently, 
where such a change is indicated by data derived from the faunas, 
floras, or sedimentary record, the boundary should be established even 
if some of this evidence is ultimately shown to be based on deposits 
that antedate the earliest known glacial drift. In no other way can 
the anomalous recognition of glacial stages in the Pliocene, as has been 
maintained in Europe, be avoided. Isolated and distant occurrences 
will perhaps never be satisfactorily correlated with those of the drift 
1 A. L. Lugn and C. B. Schultz, Neb. State Mus. Bull. 41, vol. 1, 358, 1934. 
• A. L. Lugn, Neb. Geol. Surv., Bull. 10, ser. 2, 192, 1935. 
• A. S. Romer, The American Aborigines, 49-83, Toronto, 1933. 
'G. G. Simpson, Bull. Amer. Mus., vol. 59, 173-175, 1930; Amer. Mus. Novitates, No. 
667, 7, 1933. 
• E. Suess, Face of the Earth, Eng. trans., 14, 1904. 
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areas. Moreover, no formidable reason appears to exist why glaciolo-
gists should object to a downward extension of the Pleistocene. In-
deed, it is perhaps pertinent to suggest that much of the difficulty of 
the past has come about as a result of too much preoccupation tYith 
glacial phenomena, for the "glacial drift" itself is nothing more than 
evidence of marked climatic change. It is reasonable to assume that 
the effects of lowering temperature made themselves felt in the ter-
restrial fauna considerably before the time when recognizable traces 
were left by an advancing ice sheet. Matthew 1 in his later years 
apparently tended to favor this view. 
To summarize, elevation of the European· and North American 
upper Pliocene faunal stages to the Pleistocene would, in the light of 
present knowledge, involve the following improvements in strati-
graphic and palreontological usage: (1) it places the boundary at the 
lowest, and perhaps most significant, faunal and climatic break sepa-
rating the late Tertiary and early Quaternary; (2) it furnishes a lower 
Pleistocene vertebrate fauna heretofore very imperfectly known; and 
(3) it permits a fairly close correlation of European and North Ameri-
can vertebrate faunas without necessity of either elevating the Euro-
pean or depressing the North American column. 
To change a generally accepted view requires well-nigh overwhelm-
ing evidence, and it must be admitted that in the present instance 
such change is advocated only if it represents the conclusion derived 
from a workable hypothesis. Therefore, the writer neither expects 
nor wishes immediate acceptance of this view. Further exploration 
coupled with exact field work and careful collecting in the Snake River 
region of Idaho, the Valley of Mexico, and in the Paso Robles and 
Tulare beds of California may throw much needed light on the prob-
lem. In addition, a restudy of European faunas by an investigator 
familiar with the late Pliocene and early Quaternary assemblages of 
the western United States may yield much profitable information. 
Objections which may be offered to the above conclusions are: 
( 1) The faunal break between the middle and upper Pliocene is not 
so abrupt as it appears to be from figure 2. Old forms probably died 
out at various stages of the middle Pliocene, while new genera prob-
ably appeared at various stages of the upper Pliocene. (2) Migration 
from Eurasia and South America was under way even before the 
upper Pliocene, as is evidenced by the occurrence of the Asiatic genus 
Eomellivora in the Kern River deposits and by the presence of 
ground-sloths in the Rattlesnake. (3) The climatic evidence, espe-
cially in the case of the invertebrates, is not conclusive. ( 4) As yet the 
terrestrial faunas of the western states have not been tied in with 
either the marine section or the glacial drift. 
1 \V. D. Matthew, Bull. Amer. Mus., vol. 56, 439, 1929. 
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In view of the present imperfect state of knowledge concerning the 
succession in western United States, the following tentative corre-
lation is proposed. Since both invertebrate and vertebrate palreon-
tologists seem generally agreed that the upper Etchegoin belongs in 
the upper Pliocene, it is placed with the Benson beds in the very latest 
Pliocene. Grand View, Curtis, and at least the upper part of the 
Tulare appear to be of lowest Pleistocene age; while the Blanco, 
Hagerman, Tehama, San Timoteo, Coso Mountains, and perhaps the 
lower part of the Tulare as well, may, for want of a more suitable 
assignment, be regarded as transitional. These conclusions are sum-
marized in figure 3. 
EUROPE NORTH AMERICA 
Lower Pleistocene Upper Curtis, Grand View, Val d'Arno Tul'are 
Cromerian Zone 
Transitional Weybournian of San Timoteo, Blanco, Hagerman, 
Chillesfordian 
Mimomy, 1 Coso Mountains, Tehama 
Norwich Crag 
Upper Pliocene Upper Etchegoin (including 
San Joaquin Clay) 
Benson 
FIG. 3-Tentative correlation of upper Pliocene and lower Pleistocene of Europe and 
western North America. 
SYSTEMATIC DESCRIPTION OF FAUNA 
Borophagus solus (Stock)' 
A palate, No. 481, Calif. Inst. Vert. Pale. Loe. 131, with an upper denti-
tion serves as the type of this species. The original reference was to 
Hyamognathus, but since the description was published Vander Hoof 2 has 
succeeded in recovering the lost type of Cope's genus, Borophagus, and is 
of the opinion that B. diversidens and H. pachyodon are identical. No 
further information is available to the writer, and since Vander Hoof's state-
ment is the latest reference to the question, it seems advisable to follow that 
author. The only new material available from the Coso Mountains is a 
fragment of palate, No. 2024, from locality 284, containing the heel of M.l 
and the roots of P.4.. Unfortunately, this specimen adds nothing to our 
knowledge of the species, but is referable without question to B. solus. 
A fragmentary ulna, No. 2025, C.I.T. Loe. 131, is somewhat larger than 
the comparable element of B. cynoides,3 but since the skull of B. solus is 
1 Chester Stock, Jour. Mammalogy, vol. 13, 263-266, 1932. 
•v. L. Vander Hoof, Cordilleran Section Geol. Soc. Amer., 35th Ann. Meeting, 32-33, 
1936. 
'W. D. Matthew and R. A. Stirton, Univ. Calif. Pub., Bull. Dept. Geol. Sci., vol. 19, 
pl. 32, 1930. 
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correspondingly larger than that of B. cynoides, one may reasonably infer 
that the ulna from the Coso Mountains belongs to Stock's species. 
Plesippus francescana (Frick) 
Horse material from Calif. Inst. Vert. Pale. Loe. 131, consisting of frag-
mentary palates, lower jaws, and various limb elements, was referred by the 
writer 1 to Plesippus francescana, a species originally described by Frick 
from the San Timoteo beds of southern California. At the same time reasons 
for referring the species to Plesippus were given. All the dentitions then 
available were in an advanced stage of wear, but since they approximated the 
type in this respect as well, the reference seemed justified. However, for 
purposes of correlation, too much reliance cannot be placed upon minor 
characters of equine teeth. In the present instance, the rather primitive 
features of the enamel pattern of P. francescana appeared somewhat 
anomalous, for the Caso fauna as a whole gave evidence of a more advanced 
character than that furnished only by the horses. Fuller collections have 
been brought together and the opportunity is taken, therefore, to supplement 
the information regarding P. francescana. It can now be said that, judging 
from relatively unworn dentitions, Frick's species seems to be an advanced 
rather than a primitive Plesip'[YUS type. 
The skull from locality 284, No. 2020 (Plate 3), is crushed, but is the 
only cranial specimen available of this species. The specimen belongs 
apparently to a young adult, for while the dentition is rather well worn, 
the sutures are not entirely closed. 
Skull Characters-The specimen is too crushed to give reliable estimates 
of cephalic indices. However, in size P. jrancescana probably compares 
favorably with P. shoshonensis. Although the backward curvature of the 
occiput seems to be slightly less than that in the Hagerman species, the 
occipital crest is directed nearly straight backward. The middle portion 
of this crest is notched as in P. shoshonensis. Little evidence of this notch 
is present .in' Equus occidentali.s from Rancho La Brea. The fronto-nasal 
suture forms a sharp, forwardly directed V on the median line of the 
skull. In this character the Caso Mountains form is quite similar to 
P. shoshonensis, but differs from E. occidentalis from McKittrick, Cali-
fornia. In the latter the forward portion of this suture often outlines a 
broadly open U rather than a sharp V. As in the Hagerman species, a long 
and deep fossa lies above and posterior to the infraorbital foramen. This 
depression is practically wanting in E. occidentalis. The external auditory 
meatus is directed backward and upward, much as in P. shoshonensis. The 
posterior palatine foramina, as in the latter species, are located opposite 
M2; the anterior margin of the posterior nares is located in line with the 
boundary between the second and third upper molars, rather than in line 
with the middle of M2 as in the Idaho material. 
In summary, it may be stated that while the skull of P. jrancescana 
resembles that of P. shoshonensis, it differs from the latter in the following 
particulars: (1) slightly less backward projection of the occiput, and (2) 
more posterior position of the posterior nares. 
Points of major difference between P. francescana and E. occidentalis are: 
(1) absence of a re-entrant V-shaped incision on the occipital crest; (2) 
presence of a V-shaped median portion of the fronto-nasal suture; and (3) 
presence of a well-marked nasal-lachrymal fossa. The position of the 
1 Carnegie Inst. Wash. Pub. No. 473, pt. 1, 1-13, 1936. 
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posterior nares in E. occidental-is is very similar to that seen in P. shosho-
nensis. 
Dentition-As shown in figure 4, the dentition of specimen No. 2020, Loe. 
284, although only slightly more worn than that of No. 2016, Loe. 131, 
nevertheless differs markedly from the latter in much shorter antero-
posterior diameter of the protocone and in the absence of any well-marked 
indentation of the inner walls of this cusp. It is alsq worthy of note 
that specimen 2020 in contrast to No. 2016 shows no well-marked pli 
caballin in any teeth except P2. and Ml. Indeed, in characters of the 
b 
FIG. 4--Plesippus francescana (Frick). a, No. 2016, Calif. Inst. Loe. 131, X ¼; b, No. 
2020, Calif. Inst. Loe. 284, right side (reversed· in printing), X ¼. 
enamel pattern the former approximates P. yYroversus, wh.ile the latter 
is allied to P. idahoensis. However, since the two specimens agree closely 
in measurements of teeth (see table), especially Pa to M2. inclusive in com-
parable stages of wear, and since they fall within the range of individual 
variation given by Gidley, it appears reasonable to conclude that P. fran-
cescana exhibits an enamel pattern varying from a type almost indistin-
guishable from that of P. proversus to one closely approximating that of 
P. idahoensis. This conclusion seems justified~ furthermore, by the con-
. sideration that measurements of the teeth of P. francescana differ by 3 to 5 
millimeters from those of P. yYroversus 1 and P. idahoensis.2 
The additional lower dentition now available, No. 2021, Loe. 131, differs 
somewhat from specimen No. 902. As shown by Plate 4, figure A, the gutter 
marking the separation of the metaconid from the metastylid is much more 
broadly open, especially in the premolars, and the metaconid-metastylid 
column somewhat flatter than in No. 902.3 In both characters specimen 
No. 2021 closely parallels P. idahoensis, but here again the difference in 
tooth dimensions indicates that the form cannot belong to the Idaho species. 
Measurements (in millimeters) of Permanent Dentition of Plesippus francescana (Frick) 4 
No. 2016 No. 2020 
Length of upper molar-premolar series with Pl............ . . . . . . . 196.0 
Length of upper premolar series without Pl...... . . . . . . . . . . . . . . . . . 101.4 99.0 
Length of upper molar series..................................... 82.0 75.5 
P~ antero-posterior diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 .0 37 .0 
P~ transverse diameter......................................... 27.3 26.8 
Pi!, antero-posterior diameter.................................... 31.3 29.6 
Pb transverse diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28.8 27 .3 
• J. C. Merriam, Univ. Calif. Pub., Bull, Dept. Geol., vol. 9, 534, 1916. 
• J. C. Merriam, Univ. Calif. Pub., Bull. Dept. Geol., vol. 10, 530, 1918. 
3 For illustration of this specimen see Carnegie Inst. Wash. Pub. No. 473, pt. 1, 6, fig. 2a, 
1936. 
• For explanation of system of measurements see J. C. Merriam, Univ. Calif. Pub., Bull. 
Dept. Geo!., vol. 7, 409, 1913. 
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Measurements (in millimeters) of Permanent Dentition of Plesippus francescana (Frick) 
(Continued) 
No. 2016 
P.!, antero-posterior diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 .8 
P.!, transverse diameter. . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 .5 
Ml, antero-posterior diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25.3 
Ml, transverse diameter.. . • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25.7 
M2., antero-posterior diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26.8 
M2., transverse diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25.8 
M,1, antero-posterior diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28.0 
M,1, transverse diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21.0 
Length of lower molar series ............................................ . 
Length of lower premolar series .......................... , ............. . 
Pl!, antero-posterior diameter ........................................... . 
Pl!, transverse diameter ................................................. . 
P3, antero-posterior diameter ........................................... . 
P3, transverse diameter ................................................ . 
PI, antero-posterior diameter ........................................... . 
PI, transverse diameter ................................................ . 
MI, antero-posterior diameter ................... , ........ , ....... , ... , .. . 
MI, transverse diameter ....... , .... , .... , .. , ........................... . 
Ml!, antero-posterior diameter ........................................... . 
Ml!, transverse diameter ................................................ . 
M3, antero-posterior diameter ........................................... . 
ID, transverse diameter ................................................ . 
II, greatest transverse diameter ......................................... . 
Il!, greatest transverse diameter .......................... , .............. . 
!l:f, greatest transverse diameter ......................................... . 
C, greatest antero-posterior diameter .................................... . 
Platygonus sp. 
No. 2020 
29.0 
27.5 
24.0 
25.8 
25.5 
24.0 
25.5 
19.0 
No. 2021 
90.0 
95.0 
34.5 
15.8 
30.5 
17.4 
30.0 
16.5, 
26.4 
12.5 
28.0 
15.5 
35.0 
12.0 
12.8 
15.0 
16.0 
15.0 
Referred material-The anterior portion of a lower jaw, No. 1850 (Plate 
8, fig. 6); two well-worn first lower? molars, Nos. 1850a, b (Plate 8, figs. 
4, 5); and a third lower molar, No. 1850c (Plate 8, fig. 3). All from Calif. 
Inst. Vert. Pale. Loe. 131. 
Description-The symphyseal region has been crushed in No. 1850 so as 
to cause the in'cisors to be directed almost straight forward. II is nearly 
square in outline. It thus differs from 12', which is larger, and rounded in 
cross-section. 13 is a peg-like tooth of elliptical outline, the longer axis of 
the ellipse being directed antero-posteriorly. The canines are scimitar-like 
tusks, and curve out and a trifle backward. 
The crown of MI? is too worn to· show much, but two transverse crests 
were evidently present. Each crest was probably divided into two cusps 
by a longitudinal furrow. The valley between the transverse crests is ob-
structed by a very small longitudinal projection from each of the two main 
crests. A rather short transverse cingulum is present on both the anterior 
and posterior margins of the tooth. 
MB' is practically unworn. The crown pattern consists of two subequal 
transverse crests with a large heel. Each crest is divided into two sharp 
cusps by a V-shaped longitudinal cleft. The intervening transverse valley 
is interrupted by a longitudinal extension of the transverse crests similar 
to, but larger than, that seen in MI?. The heel consists of one large cusp 
with a much smaller cuspule on either side. The valley separating the heel 
from the second transverse_ crest is interrupted also by a forward extension 
of the heel. Slight traces of a cingulum occur along the anterior margin 
of the tooth. 
Comparisons-This specimen resembles in some respects Mylohyus and 
Tayassu, as well as Platygonus. Reference to Mylohyus seems excluded, 
however, since this genus is characterized by only two lower incisors.1 
Tayassu likewise seems excluded by virtue of the low, blunt-conical tuber-
cles which characterize that genus. 
1 Barnum Brown, Mem . .A.mer. Mus., vol. 9, 201, 1908. 
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The specimen from the Coso Mountains appears to show some resem-
blance to material from the McKittrick asphalt described by Stock 1 as 
Platygonu.s near compressus: LeConte. Points of major difference are the 
somewhat larger size and better-developed transverse cingulum seen in the 
McKittrick specimen. 
Considerable difference apparently exists between the Coso Mountains 
material and a third lower molar described by Merriam 2 from the upper 
Etchegoin, and referred to either Tayassu or Mylohyu.s. The chief differ-
ences are the absence of the deep V-shaped longitudinal clefts separating 
the main cusps, and the lower and more blunted tubercles seen in the Etche-
goin specimen. 
Me!Ulurements (in millimeters) of P'latygonus sp, 
No. 1850 
II, greatest longitudinal diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.0 
IT, greatest transverse diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.7 
I2, greatest longitudinal diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0 
I2, greatest transverse diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.5 
I!J, greatest longitudinal diameter.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.6 
!_'3, greatest transverse diameter............................................. 5.2 
C, greatest antero-posterior diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18.8 
C, greatest transverse diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12.0 
No. 1850a 
MI?, greatest antero-posterior diameter..................................... 14.0 
MI?, greatest transverse diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.0 
No. 1850c 
M'3, greatest antero-posterior diameter. . . . . . . . . . . . . . . . . . • . . • . . . . . . . . . . . . . . . . . 25.0 
M'3, greatest transverse diameter. . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . 13.3 
Tanupolama? sp. 
Referred material-A first and a second lower molar, Nos. 2022 (figs. 5a, 
c); and a first phalanx, No. 2023 (fig. 5b). The teeth are from locality 131; 
the phalanx from locality 284. 
00 C 15 b 
FIG. 5-Ta.nupola.nu:z,f sp. a, J\f2', No. 2022, Calif. Inst. Loe. 131, X l; b, phalanx I, No. 
2023, Calif. Inst. Loe. 284, X ½; c, :M:I, No. 2022, Calif. Inst. Loe. 131, X 1. 
1 Chester Stock, Carnegie Inst. Wash. Pub. No. 393, pt. 3, 25-27, 1928. 
• J. C. Merriam, Trans . .Amer. Philos. Soc., n.s., vol. 22, 36-37, 1915. 
LATE CENOZOIC VERTEBRATE FAUNA FROM CALIFORNIA 103 
Comparisons-The teeth are somewhat narrower transversely than cor-
responding elements of Tanupolama steven.si from McKittrick, California.1 
This may be due to stage of wear, since the material from the Coso Moun-
tains is less worn than any of the McKittrick specimens available for com-
parison. In all other details, and especially in the presence of an antero-
internal as well as an antero-external style on M2, the specimens in question 
closely approximate the type. The first phalanx is proportionately a trifle 
more slender than the average of corresponding elements of T. steven.si, but 
individuals of nearly the same size and proportions as No. 2023 can be 
selected from the McKittrick material. While the material from the Coso 
Mountains is too incomplete to permit conclusive generic determination, 
the close agreement with Tanupolama in both tooth and limb characters 
seems to indicate a form not far removed from that genus. 
While it must be admitted that phalanx No. 2023 is quite similar to that 
of Procamelus longiirio Hay 2 from thei Pleistocene of Anita, Arizona, it is 
not entirely clear that the Arizona material is to be referred to Procamelus. 
Indeed, there seems to be little reason why Hay's species should not be re-
ferred to Tanupolama. In the past it seems to have been the almost general 
practice to refer all slender-limbed camels to either Procamelus or Pliau-
chenia, and little is to be gained from further discussion until the later 
Tertiary camels have beep. thoroughly revised. It should be noted, never-
theless, that Stock's recognition of the genus Tanupolama makes this pro-
cedure very questionable when dealing with forms of late Tertiary and 
Quaternary age. 
Measurements (in millimeters) of Tanupolama? sp. 
No. 2022 
MI, antero-posterior diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 (a) 
MI, transverse diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 12.5 
M:2', antero-posterior diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30.8 
M:2', transverse diameter. . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11.8 
No. 2023 
Phalanx I, length along median plane.......................................... 92.5 
Phalanx I, antero-posterior diameter at proximal end.......................... 25.5 
Phalanx I, transverse diameter at proximal end............................... 28.0 
Phalanx I, antero-posterior diameter at distal end. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21.0 
Phalanx I, transverse diameter at distal end................................... 25.0 
(a) .Approximate. 
Pliomastodon? cosoensis n. sp. 
Holotype-An incomplete skull, No. 1719 (Plate 5), from Calif. Inst. 
Vert. Pale. Loe. 284. 
Paratype-A complete mandible, No. 1720 (Plate 6), from the same 
locality. 
Referred Material-An immature palate, No. 2036 (Plate 7), and several 
isolated adult molars. All are from the same locality as the holotype. 
Specific Characters-Size moderate; in this character Pliomastodon? coso-
en.sis exceeds somewhat P. nevadanus from the Thousand Creek beds, but 
is considerably smaller than P. vexillarius from the upper Etchegoin. · Upper 
tusks curve upward and outward much as in the latter species, and lack 
1 Chester Stock, Carnegie Inst. Wash. Pub. No. 393, pt. 4, ,29-37, 1928. 
•o. P. Hay, Proc. U.S. Nat. :Mus., vol. 59, 622-626, 1922. 
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enamel bands. Cheek-teeth with a slight deposit of cement. M~ with three 
transverse crests; Mi with four transverse crests and a well-formed heel. 
Anterior margin of the posterior nares well back of the last upper molars. 
Description-The skull, No. 1719, apparently belongs to a mature indi-
vidual, for the last two molars are well worn. The space between the 
anterior margin of the posterior nares and the posterior borders of the last 
upper molars measures 52 millimeters. In this respect the Coso Mountains 
specimen differs markedly from both P. vexillarius and P. nevadanus, in 
which the nares are very nearly in line with the back of the tooth-row. It 
seems reasonable to infer that in No. 1719 the condyles were comparably 
farther back of the tooth-row than in either the upper Etchegoin or Thou-
sand Creek specimens. The condition seen in the Coso specimen has been 
correlated by Gregory 1 with a shortened proboscis, shortened tusks, or both. 
Since the ends of the incisor tusks are missing in No. 1719, it is impossible 
to decide which may be considered here the more important. It is possible 
that the Coso specimen possessed a relatively short proboscis, but the ex-
treme shortness of the symphysis does, not suggest that this was the case. 
The tusks themselves are elliptical in cross-section, and show no trace of 
enamel bands except for a slightly roughened area on the outer side and 
near the base of the left tusk. As shown by Plate 5, the tusks curve gently 
upward and outward, but not to so great an extent as in P. vexillarius. 
The upper teeth resemble those of P. nevadanus in the number of trans-
verse crests, but differ markedly in details of tooth pattern. The more 
important differences are the lack of small tubercles between the principal 
cusps in the Coso Mountains material. In ad_dition, M3. shows the presence 
of trefoils on the inner cusps of the first three transverse crests, a feature 
not so well developed in the Nevada specimen. 
The mandible, No. 1720, does not belong to the individual possessing the 
skull just described, as is evidenced by the less worn state of the dentition 
in the mandibular specimen. The lower jaw is remarkable for its extreme 
massiveness. Plate 6, figure A shows the great width of the horizontal 
ramus lateral to the tooth-row which gives the mandible this appearance. 
The symphysis is short as in Mastodon americanus, and shows no trace of 
lower tusks. It is possible, however, that the specimen No. 1720 represents 
a female. 
The lower teeth are characterized by sharp-crested lophs with fairly open 
valleys between. M2 is deeply worn, and all that can be determined is 
that it possessed three lophs with little indication of trefoils, except on the 
outer cusps of the first anterior loph. M3 shows four full lophs which 
decrease progressively in width from the first to the fourth, and a fully 
formed heel. The latter is divided into two cusps of unequal size, the larger 
of which is situated on the outer border of the crown. Indications of trefoils 
appear on the outer: cusps of the; first three lophs, but except for a slight 
deposit of cement the valleys are otherwise open. The last lower molar is 
convex along the inner border, while the outer margin is nearly straight. A 
well-developed cingulum is present along the outer border of M3, but indi-
cations of an internal cingulum are lacking. Both the upper and lower 
molars are fairly high-crowned, as is shown by Plates 5 and 6. The lophs 
are directed almost vertically. 
Dentition of Immature Individual-These teeth are of considerable inter-
est in that they are seldom described in the literature. Reference to Plate 7 
1 W. K. Gregory, Bull. Amer. Mus., vol. 19, 387-394, 1903. 
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shows that Dp2 is nearly square in outline and divided into two transverse 
crests. Each crest is divided into two cusps, while the valley between the 
transverse crests is quite open. A fairly well-defined cingulum extends al-
most completely around the entire tooth. 
Dpa possesses two fully formed lophs with the third (posterior) one only 
partially developed. The lophs are divided into two separate cusps as in 
Dp2. The valley between the first and second lophs is nearly closed by the 
development of trefoils from the inner cusps of the first two transverse 
crests. There is also a trefoil on the anterior border of the inner cusp of 
the first transverse crest. There are faint indications of a cingulum around 
this tooth. 
Dpi, is divided into three fully formed transverse crests. . Well-defined 
trefoils occur on both the anterior and posterior margins of the inner cusps, 
but these seem to be absent on the outer cusps. A cingulum extends around 
this tooth to the posterior margin, where its presence cannot be determined, 
since this part of the crown has not emerged from the palate. All the teeth 
are fairly high-crowned, but show no indication of cement. 
Remarks-Osborn 1 lists the characters of the genus Pliomastodon as 
follows: incisive tusks with enamel band vestigial or wanting, sub-oval to 
rounded in section, upturned (P. vexillarius); ridge-crests with expanded 
ectotrefoils (P. matthewi); intermediate in hypsodonty between Mio-masto-
don and Mastodon. In his discussion of P. vexillarius this author adds the 
following generic characters: molar teeth wide, moderately crested, less so 
than in Mastodon, trefoils single, not prominent, valleys open, M2 triloph-
odont, M3 with four and one-half crests. The basicranial region of the 
skull is little elevated above the palatal plane, much shortened as compared 
with Mastodon, occiput very low and wide, heavily overhanging backward 
instead of nearly vertical as in Mastodon and other genera. Posterior nares 
crowded forward so as to be opposite the back of Ma; in Mastodon they are 
considerably behind it. The entire basicranial region is thus crowded for-
ward along with the condyles, which are scarcely more than half as far be-
hind the teeth as in Mastodon. 
On the basis of the above distinctions between Pliomastodon and Mas-
todon, there would appear to be good reason for regarding P.? cosoensis as 
intermediate between these two genera, for while most of the characters 
shown by the Coso Mountains specimen agree very well with Pliomastodon, 
the position of the posterior nares is very similar to that seen in Mastodon. 
It is possible to regard the combination of characters shown by P.? cosoensis 
as the basis of a new genus intermediate between Pliomastodon and Mas-
todon, but there appears to be little room for an intermediate genus between 
two such closely related groups. If this interpretation is correct, it would 
appear that the Coso Mountains specimen represents the most advanced 
species of the genus Pliomastodon yet described. 
Measurements (in millimeters) of Pliomastodon'I cosoensis n. lf]J. 
No. 1719 
Distance from back of upper tooth-row to anterior margin of posterior nares...... 52 
Width of palate between the inner margin of M;! at the first loph................ 92 
Transverse diameter of tusk at alveolus........................................ 78 
Dorso-ventral diameter of tusk at alveolus..................................... 69 
M~ antero-posterior diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 
MZ, transverse diameter across third crest...................................... 59 
'H. F. Osborn, The Proboscidea, 157, 162, New York, 1936. 
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Measurements (in millimeters) of Pliomastodon? cosoensis n. sp.-(Continued) 
No. 1719 
M1!, antero-posterior diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138 
M1!, transverse diameter across first crest. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 
No. 1720 
Length of lower jaw from condyle to tip of symphysis........... . . . . . . . . . . . . . . . . 797 
Length of lower jaw from back of M-:f to tip of symphysis....................... 470 
Greatest width of lower jaw measured across second loph of M-:f................. 434 
Width of lower jaw measured from the outer margin of the second loph of 11CT. • . • 242 
M:2', antero-posterior diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99 
M:2', transverse diameter across third crest. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 
Mll", antero-posterior diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168 
Mll", transverse diameter across second crest.................................... 87 
Mll", height of second crest above valley. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
No. 2036 
Dp~ antero-posterior diameter ......................................... '. . . . . . . . 22.5 
Dp~ greatest transverse diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
Dp.;!, antero-posterior diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
Dp.;!, greatest transverse diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
Dp1, antero-posterior diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 
Dp_!, greatest transverse diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 
Mimomys primus (Wilson) 
A badly crushed skull with dentition, No. 500, Calif. Inst. Vert. Pale. 
Loe. 131, was designated as the type of the new genus, Cosomys.1 Hinton2 
has given valid reasons for considering the type as identical with Mimomys 
of the later Cenozoic of the Old World, and would refer the Coso Mountains 
material to M. pliocrenicus. Later, Wilson 3 revised the characters of M. 
primus, and referred the Coso Mountains material to the European genus. 
Specimen No. 500 was distinguished from M. pliocrenicus by the following 
characters: (1) absence of cement in the re-entrant folds; (2) lack of reduc-
tion of the tip of the second re-entrant angle on M.3; and possibly (3) union 
of the temporal ridges in the Coso Mountains specimen. 
Additional material now available comprises isolated teeth, and furnishes 
no further information regarding this form. 
Hypolagus near limnetus Gazin 
The lagomorphs in the collection have been studied by R. W. Wilson, 
who has kindly furnished the following descriptions: 
Several lagomorph specimens are represented in the Coso Mountains col-
lection. The material from locality 131 consists of a right ramus, No. 1978 
(Plate 8, figs. 1, la), complete except for the ascending ramus; a fragment 
of left ramus with M2-Mg, No. 1979; a fragment of maxillary with left 
M.2-M.3, No. 1980; and a few skeletal elements. The fossil remains appear 
to represent a species near Hypolagus limnetus. 
The Coso Mountains leporid, although occurring in beds of approximately 
the same age as those at Hagerman, Idaho, yielding H. limnetus remains, 
is somewhat smaller than the type of the latter species. The ramus in No. 
1978 is actually not so deep, but may be relatively, as in typical H. 
limnetus. On the other hand, the diastema between I and pg is very slightly 
longer. The actual depth of ramus corresponds more closely to that in 
H. furlongi, a closely related type from Grand View, Idaho. pg in the 
Coso Mountains form is quite close in characters to that of H. limnetus. 
The antero-external fold in the tooth is relatively deep, thus agreeing with 
1 R. W. Wilson, Jour. Mammalogy, vol. 13, 150-154, 1932. 
2 M. A. C. Hinton, Jour. Mammalogy, vol. 13, 280--281, 1932. 
'R. W. Wilson, Carnegie Inst. Wash. Pub. No. 440, pt. 8, 128, 1934. 
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the third premolar of the Hagerman species. However, the tooth may be 
slightly more narrow anteriorly, and the postero-external fold possesses a 
small plication on the anterior enamel face, a feature not recorded in the 
description of H. limnetus.1 The presence of a similar plication in a speci-
men of H. vetus, in which species it is normally absent, indicates that in 
the above case no particular reliance can be placed on a single plication. 
The lower molariform teeth of H. near limnetus appear to be similar to those 
in the Hagerman type. In No. 1980 the enamel infold of M2. is rather com-
plexly plicated, probably agreeing more closely in this regard with H. lim-
netus than do specimens from the Kern River beds, referred to H. near 
limnetus.2 Without actual specimens from Hagerman, certain other charac-
ters which have been cited for H. limnetus are difficult to check in our 
specimen. 
Hvpolagus furlongi Gazin 3 from Grand View, although perhaps slightly 
larger than the Caso Mountains form, is apparently closer to it in size than 
is H. limnetus. However, in character of P3, the Californian form is less 
triangular, more as in the Hagerman type, and the antero-external fold is. 
deeper, again a character whicl!_is closer to that shown in H. limnetus. 
Moreover, the diastema between I and PZ- is distinctly shorter in the Grand 
View species. On the whole, the Caso Mountains leporid is closer to H. 
limnetus than to H. furlongi, and especially in regard to character of PK 
The slightly better agreement in size between No. 1978 and H. furlongi is 
probably of no great importance, since size must be a variable character 
to a certain extent, and the Caso Mountains material is limited in amount. 
Hypolagus browni (Hay) ,4 compared with H. near limnetus, is recorded 
from a somewhat younger stage, namely early Pleistocene(?). The species 
is smaller than our form, No. 1978. A certain amount of variation in PS" is 
seen in the Pleistocene type. However, this tooth appears to be more ad-
vanced in character of the postero-external fold than in our species. The 
antero-external fold of PZ- is shallower. M2. appears to be less complexly 
plicated than in H. near limnetus. 
Hypolagus vetus (Kellogg) 5 is not at all close to the Caso Mountains 
species. It is much larger, and differs also in several characters in the 
dentition. 
Hypolagus edensis Frick 6 is readily distinguished from our form. The 
rounded internal borders of the lower molariform teeth, and perhaps the 
pronounced anterior position of the antero-external fold in P3 as well, are 
characters which appear to be quite peculiar to H. edensis, if the type is 
correctly figured. 
The Coso Mountains species is somewhat smaller than average specimens 
of H. near limnetus from the Kern River beds, although only slightly smaller 
than some specimens. The important third lower premolar is similar to 
that in the Kern River species, but in the latter the average P'3 is a little 
more rounded anteriorly, and the widest part of the tooth is slightly farther 
forward than in No. 1978. The only upper molariform tooth available for 
comparison is M,2. The anterior border of the median re-entrant fold of 
1 C. L. Gazin, Proc. U. S. Nat. Mus., vol. 83, no. 2976, 114-117, figs. 2-3, 1934. 
2 R. W. Wilson, Carnegie Inst. Wash. Pub. No. 487, pt. 1, 1-19, 1937. 
3 C. L. Gazin, op. cit., 118-119, fig. 4, 1934. 
• O. P. Hay, Proc. U. S. Nat. Mus., vol. 59, 630-631, pl. 121, figs. 6-18, 1921. 
• L. Kellogg, Univ. Calif. Pub., Bun. Dept. Geol., vol. 5, no. 29, 436-437, fig. 20, 1910. 
L. R. Dice. Univ. Calif. Pub., Bull. Dept. Geo!., vol. 10, no. 12, 181-182, figs. 4-5, 1917. 
· • C. Frick. Univ. Calif. Pub., Bull. Dept. Geo!., vol. 12, no. 5. 348, fig. 52. 1!l21. 
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this tooth appears to be slightly more complexly plicated in the Coso Moun-
tains type. 
It is doubtful if H. near limnetus from the Kern River beds is conspecific 
with H. near limnetus from the Coso Mountains, but each one is probably 
closer to typical H. limnetus than to any other species of Hypolagus. It 
may be that the Kern River form represents a distinct species. Probably 
the Coso Mountains species is merely a small individual of typical H. lim-
netus. In any case, in view of the number of species of Hypolagus already 
distinguished, nothing is gained by a further separation of types. 
M eas1wements (in millimeters) of H ypolagwi near limnetHs Gazin 
Pl!"-Ml!", alveolar length ..................................................... . 
Pl!"-Ml!", occlusal length ...................................................... . 
Depth of ramus beneath MT, measured from inside ........................... . 
Length of diastema between I and Pl!" ...................................... . 
Hypolagus small sp. 
No. 1978 
11.!l 
10.7 
10.8 
13.4-
Two lagomorph specimens, Nos. 2026, 2027, from locality 131 in the Coso 
:Mountains, are much smaller than other hare material obtained from this 
locality. The more complete specimen consists of a right ramus, No. 2026 
(Plate 8, figs. 2, 2a), with P3-M3 inclusive. No. 2027 represents an isolated 
left P2. Not only does this material differ from Hypolagus near limnetus 
in smaller size, but also P3 of No. 2026 has a less deeply folded antero-
external inflection, and M3 is more reduced, exhibiting a single column in-
dented at its postero-external margin. M3 of H. near limnetus shows the 
usual double column of Hypolagus. 
In size, Hypolagus small sp. is much smaller than most species of the 
genus. P3 is somewhat quadrilateral in outline, and hence is relatively 
broad transversely. The posterior portion of the internal surf~ce of the 
tooth is flattened. PZ exhibits a postero-external inflection extending 
slightly more than half-way across the surface of the tooth, and a shallow 
but distinct antero-external fold of enamel. The anterior surface of the 
tooth is slightly indented, suggesting a very shallow and broad inflection of 
enamel. The anterior and posterior columns of P4-M2 are subequal in 
transverse width, but the latter are slightly shorter in this dimension with 
respect to the anterior ones. M3 shows a simple, somewhat obliquely ellip-
tical column with a single fold as indicated above. P.2 has an anterior fold 
on the occlusal surface of the tooth. The slight antero-external fold usually 
present in Hypolagus is absent, although inspection of the anterior lateral 
wall of the tooth indicates the probable presence of a slight fold upon 
further wear. 
Hypolagus edensis, H.? apachensis, and H. browni approach No. 2026 
more closely in respect to size than do other species of Hypolagus. H. browni 
(Hay) 1 is comparable to Hypolagus small sp. in size, although judging from 
figures of the former given by Hay and Dice, the tooth-row is very slightly 
longer in the Arizonan species, and the ramus somewhat heavier. P3 of 
H. browni differs perhaps in having a more complex posterior enamel fold, 
1 0. P. Hay, op. cit., 630-631, pl. 121, figs. 6-18, 1921. 
L. R. Dice, Papers Mich. Acad. Sci., Arts, and Letters, yo}. 16, 379-382, figs. 8-10, 1932 .. 
C. L. Gazin, op. cit., 116-117, 1934. 
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although it is difficult to ascertain how much this character in H. browni 
depends on stage of wear. l\13 of the Coso Mountains type is unlike Hay's 
species in exhibiting a single column. In character of this tooth, No. 2026 
is similar to most specimens of Pal-03olagus. In more modern types of lago-
morphs, simple third lower molars appear to be at least relatively rare. The 
assumption can be made that character of l\13 in No. 2026 is the result of 
advanced wear, but definite proof is lacking until more specimens are 
available. 
Hypolagm edensis (Frick) 1 as compared with the Coso Mountains species 
is larger, and possesses a P3 in which the antero-external inflection is deeper, 
and more anterior in position. Moreover, P4 and MI in H. edens-is exhibit 
rounded internal borders lacking the angulation shown in these teeth in 
No. 2026. 
Hypolagm? apachensis Gazin 2 is from a distinctly older geological stage. 
P3 is more elongated antero-posteriorly than in Hypolagm small sp. P2 
normally has two anterior folds of enamel. Lastly, H.? apachensi,s is dis-
tinctly larger than the Coso Mountains form. 
Hypolagm sp. from Rome and Hypolagm small sp. from the Kern River 
deposits both differ from No. 2026 in larger size. In addition, the Kern 
River type possesses a P3 which is more elongated antero-posteriorly. 
Other species of Hypolagus are much larger than the Coso Mountains 
species, and generally differ in one or more additional characters as well. 
The Coso Mountains species is clearly distinct from all described species 
of North American Hypolagus except possibly H. browni. If supplementary 
material of the California species were to reveal a constancy of the charac-
ters exhibited by the present remains, establishment of a new species would 
seem to be warranted. W"ithout other specimens, however, it is perhaps 
best to refrain from giving a specific designation to this Coso Mountains 
lngomorph. 
llf casurcmcnts (in millimeters) of Hypolag11s small sp. 
:N"o. 2026 
P"3-1f8, alveolar length...................................................... 9.7 (a) 
P"3-M"3, occlusal length...................................................... 7.7 
Depth of ramus beneath 1IT. measured from inside............................ 7.3 
Length of diastema between I and Pl'l. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 .0 
(a) Approximate. 
1 C. Frick, op. cit., 348, fig. 52, 1921. 
'C. L. Gazin, Carnegie Inst. Wash. Pub. N"o. 404, pt. 6, 67-69. pl. 3 .. figs. 1-4, 1930. 
